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The  dam  is  an  earthen  embankment,  with  a  53  foot  high 
masonry  rubble  corewall,  approximately  1300+  feet  in  length 
and  having  a  maximum  height  of  88+  feet  above  the  elevation 
of  the  original  streambed.  The  maximum  width  at  the  top  is 
22  feet  with  the  downstream  slope  having  a  maximum 
inclination  of  2  horizontal  to  1  vertical,  and  the  upstream 
slope  a  3  horizontal  to  1  vertical  maximum  inclination,  as 
indicated  on  the  "As-Built'*'  plans.  The  low  level  inlet  is  a 
42  inch  reinforced  concrete  pipe  which  feeds  two  30  inch 
cast  iron  outlet  pipes.  The  spillway  is  a  50  foot  concrete 
ogee  section  located  at  the  left  end  of  the  dam.  Glen  Lake 
Dam  and  populated  areas  of  Woodbridge  are  located  one  and 
two  miles  downstream  of  the  dam,  respectively. 

Based  upon  visual  inspections  at  the  site  and  past 
performance,  the  dam  is  judged  to  be  in  good  condition.  No 
evidence  of  structural  instability  was  observed,  and  the 
condition  of  the  earthen  embankment  is  good.  However,  there 
are  some  areas  requiring  monitoring  and  minor  maintenance. 

Our  hydraulics  computations,  indicate  the  spillway 
capacity  is  8,100  cubic  feet  per  second,  which  is  in  excess 
of  100  percent  of  the  Test  Flood.  Based  upon  the  size 
(Intermediate)  and  hazard  classification  (High)  of  the  dam 


in  accordance  with  Corps  of  Engineers  guidelines,  the  Test 
Flood  will  be  equivalent  to  the  Probable  Maximum  Flood 
(PMF) .  Peak  inflow  to  the  reservoir  is  7,600  cubic  feet  per 
second;  peak  outflow  (Test  Flood)  is  5,500  cubic  feet  per 
second.  The  dam  freeboard  during  the  Test  Flood  is 
approximately  2.7  feet.  The  peak  failure  outflow  for  the 
dam  if  breached  would  be  251,000  cubic  feet  per  second.  A 
breach  of  the  dam  would  cause  Glen  Lake  Dam  downstream  to  be 
overtopped  by  20  feet  and  most  likely  to  fail,  causing 
severe  loss  of  life  and  damage  to  property  further 
downstream. 

It  is  recommended  that  a  monthly  program  for  monitoring 
the  seeps  which  were  observed  at  the  downstream  face  and  toe 
of  the  dam,  be  implemented.  Locations  of  exit  points  of  the 
seeps  surfacing  downstream  of  the  dam  should  be  ascertained 
and  the  potential  for  piping  or  boils,  as  well  as  required 
seepage  control  measures,  if  any,  should  be  determined. 

Shifting  of  the  channel  wall  at  the  construction  joint 
on  the  land  side  of  the  spillway  should  be  monitored  reg- 
ulary.  An  operation  and  maintenance  plan  should  be 
instituted. 

The  above  recommendations  and  remedial  measures  should 
be  implemented  within  one  year  of  the  owner's  receipt  of 
this  Phase  I  Inspection  Report. 


hv  JWI 


Peter  M. ~Heynen,  P.l 
Project  Manager 
Cahn  Engineers,  Inc. 


William  0 .  Doll ,  P.  1 
Chief  Engineer 
Cahn  Engineers,  Inc. 
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This  Phase  I  Inspection  Report  on  Lake  Chamberlain  Dam  has  been 
reviewed  by  the  undersigned  Review  Board  members.  In  our  opinion, 
the  reported  findings,  conclusions,  and  recommendations  are 
consistent  with  the  .Recommended  Guidelines  for  Safety  Inspection, 
of  Dams,  and  with  good  engineering  judgment  and  practice,  and  is 
hereby  submitted  for  approval. 


CHARLES  G.  TIERSCH,  Chairman 
Chief,  Foundation  and  Materials  Branch 
Engineering  Division 


FRED  J.  m/iS,  Jr.,  Member 
Chief,  Design  Branch 
Engineering  Division 


JL 


SAUL  COOPER,  Member 
Chief,  Water  Control  Branch 
Engineering  Division 


APPROVAL  RECOMMENDED: 

TO 


JOE  B.  FRYAR 

Chief,  Engineering  Division 


PREFACE 


This  report  is  prepared  under  guidance  contained  in  the 
Recommended  Guidelines  for  Safety  Inspection  of  Dams,  for 
Phase  I  Investigations.  Copies  of  these  guidelines  may  be 
obtained  from  the  Office  of  Chief  of  Engineers,  Washington, 
D.C.  20314.  The  purpose  of  a  Phase  I  Investigation  is  to 
identify  expeditiously  those  dams  which  may  pose  hazards  to 
human  life  or  property.  The  assessment  of  the  general 
condition  of  the  dam  is  based  upon  available  data  and  visual 
inspection.  Detailed  investigation,  and  analyses  involving 
topographic  mapping,  subsurface  investigations,  testing, 
and  detailed  computational  evaluations  are  beyond  the  scope 
of  a  Phase  I  Investigation;  however,  the  investigation  is 
intended  to  identify  any  need  for  such  studies. 

In  reviewing  this  report,  it  should  be  realized  that  the 
reported  condition  of  the  dam  is  based  on  observations  of 
field  conditions  at  the  time  of  inspection  along  with  data 
available  to  the  inspection  team.  In  cases  where  the 
reservoir  was  lowered  or  drained  prior  to  inspection,  such 
action,  while  improving  the  stability  and  safety  of  the  dam, 
removes  the  normal  load  on  the  structure  and  may  obscure 
certain  conditions  which  might  otherwise  be  detectable  if 
inspected  under  the  normal  operating  environment  of  the 
structure. 

-  It  is  important  to  note  that  the  condition  of  a  dam 
depends  on  numerous  and  constantly  changing  internal  and 
external  conditions,  and  is  evolutionary  in  nature.  It 
would  be  incorrect  to  assume  that  the  present  condition  of 
the  dam  at  some  point  in  the  future.  Only  through  continued 
care  and  inspection  can  there  be  any  chance  that  unsafe 
conditions  be  detected. 

Phase  I  inspections  are  not  intended  to  provide  detailed 
hydrologic  and  hydraulic  analyses.  In  accordance  with  the 
established  Guidelines,  the  Spillway  Test  Flood  is  based  on 
the  estimated  "Probable  Maximum  Flood"  for  the  region 
(greatest  reasonably  possible  storm  runoff) ,  or  fractions 
there  of.  Because  of  the  magnitude  and  rarity  of  such  a 
storm  event,  a  finding  that  a  spillway  will  not  pass  the 
test  flood  should  not  be  interpreted  as  neccessarily  posing 
a  highly  inadequate  condition.  The  test  flood  provides  a 
measure  of  relative  spillway  capacity  and  serves  as  an  aid 
in  determining  the  need  for  more  detailed  hydrologic  and 
hydraulic  studies,  considering  the  size  of  the  dam,  its 
general  condition  and  the  downstream  deunage  potential. 
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PHASE  I  INSPECTION  REPORT 


LAKE  CHAMBERLAIN  DAM 


SECTION  I 


PROJECT  INFORMATION 


1.1  General 


•  • 


•  • 


a.  Authority  -  Public  Law  92-367,  August  8,  1972, 
authorized  the  Secretary  of  the  Army,  through  the  Corps  of 
Engineers,  to  initiate  a  National  Program  of  Dam  Inspection 
throughout  the  United  States.  The  New  England  Division  of 
the  Corps  of  Engineers  has  been  assigned  the  responsibility 
of  supervising  the  inspection  of  dans  within  the  New  England 
Region.  Cahn  Engineers,  Inc.  has  been  retained  by  the  New 
England  Division  to  inspect  and  report  on  selected  dams  in 
the  southwestern  portion  of  the  State  of  Connecticut. 
Authorization  and  notice  to  proceed  were  issued  to  Cahn 
Engineers,  Inc.  under  a  letter  of  April  26,  1978  from  Ralph 
T.  Garver,  Colonel,  Corps  of  Engineers.  Contract  No. 
DACW33-78-C-0310  has  been  assigned  by  the  Corps  of  Engineers 
for  this  work. 


•  • 


b.  Purpose  of  Inspection  Program  -  The  purposes  of  the 
program  are  to: 

(1)  Perform  technical  inspection  and  evaluation  of 
non-federal  dams  to  identify  conditions 
requiring  correction  in  a  timely  manner  by  non- 
federal  interests. 

(2)  Encourage  and  prepare  the  States  to  quickly 
initiate  effective  dam  inspect-ion  programs  for 
non-federal  dams. 

(3)  To  update,  verify  and  complete  the  National 
Inventory  of  Dams. 

c.  Scope  of  Inspection  Program  -  The  scope  of  this 
Phase  I  inspection  report  Includes: 

(1)  Gathering,  reviewing  and  presenting  all 
available  data  as  can  be  obtained  from  the 
owners,  previous  owners,  the  state  and  other 
associated  parties. 

(2)  A  field  inspection  of  the  facility  detailing  the 
visual  condition  of  the  dam,  embankments  and 
appurtenant  structures. 
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(3)  Computations  concerning  the  hydraulics  and 
hydrology  of  the  facility  and  its  relationship 
to  the  calculated  flood  through  the  existing 
spillway. 

(4)  An  assessment  of  the  condition  of  the  facility 
and  corrective  r  jasures  required. 

It  should  be  noted  that  this  report  does  not  pass 
judgement  on  the  safety  or  stability  of  the  dam  other  than 
on  a  visual  basis.  The  inspection  is  to  identify  those 
features  on  the  dam  which  need  corrective  action  and/or 
further  study. 

1.2  Description  of  Project 

a.  Description  of  Dam  and  Appurtenances  -  The  dam  is 
an  earthen  embankment  with  a  53  foot  high  masonry  rubble 
corewall  founded  on  rock,  built  as  part  of  the  original  53 
foot  high  rolled  earth  dam.  It  was  raised  to  its  present 
height  88+  feet  above  the  original  streambed,  in  1958.  The 
top  has  a  maximum  width  of  22  feet  and  is  approximately  1300 
+  feet  in  length.  The  upstream  and  downstream  slopes  are  at 
maximum  inclinations  of  2  horizontal  to  1  vertical  and  3 
horizontal  to  1  vertical,  respectively.  The  spillway  is  a 
50  foot  concrete  ogee  section  cut  into  rock  at  the  left  end 
of  the  dam.  The  low  level  inlet  is  a  42  inch  reinforced 
concrete  pipe  which  empties  into  an  inlet  structure,  as  do 
two  30  inch  inlets  above  it.  The  outlet  from  the  inlet 
structure  consists  of  two  30  inch  cast  iron  pipes  passing 
through  the  dam  to  the  downstream  outlet  structure. 

At  the  spillway  crest  level,  the  resevoir  area  is 
approximately  115  acres  with  a  useable  capacity  of 
approximately  894  million  gallons. 

The  dam  is  located  upstream  of  the  Dawson  Lake  and  Glen 
Lake  Dams,  as  well  as  residential  developments  in  the 
Woodbridge  area. 

b.  Location  -  The  dam  is  located  on  the  Sargent  River 
in  a  rural  area  of  the  Town  of  Bethany,  about  two  miles  from 
of  the  Town  of  woodbridge,  County  of  New  Haven,  State  of 
Connecticut.  The  dam  is  shown  on  the  Mt.  Carmel  USGS 
Quadrangle  Map  having  coordinates  latitude  N41°  23'  37"  and 
longitude  72°  59’  19". 

c.  Size  Classification  -  INTERMEDIATE  -  The  dam  has  a 
maximum  height  of  88+  feet  from  the  top  to  the  old  stream- 
bed,  and  a  storage  of  4120  acre  feet  at  the  test  flood  pool, 


elevation  407.6.  According  to  the  Recommended  Guidelines,  a 
dam  having  between  1,000  and  50,000  acre  feet  of  storage  is 
considered  to  be  in  the  intermediate  size  range. 

d.  Hazard  Classification  -  HIGH  (Category  I)  Failure  of 
Chamberlain  Dam  would  cause  Glen  Lake  Dam,  approximately  1 
mile  downstream,  to  be  overtopped  by  20  feet  and  most  likely 
fail,  causing  severe  loss  of  life  and  property  damage 
further  downstream. 

e.  Ownership  -  New  Haven  Water  Company 

Sargent  Drive 

New  Haven,  Connecticut  06506 

Mr.  Joseph  Jiskra 

Mr.  Jack  Reynolds  (203)  624-6671 

f.  Purpose  of  Dam  -  Public  water  supply  reservoir. 

g.  Design  and  Construction  History  -  In  1891,  the 
original  Lake  Chamberlain  Dam,  was  constructed  by  C.W. 
Blakeslee  and  Sons,  Inc. ,  as  engineered  by  Henry  B.  Gorham. 
The  entire  dam  was  founded  on  rock  with  a  39  foot  spillway 
cut  into  rock  at  the  left  end  of  the  dam.  Two  30-inch  cast 
iron  low  level  inlets  were  installed  through  the  dam  to  let 
water  down  to  Glen  Lake  as  needed.  In  1958,  the  dam  was 
raised  35  feet  to  its  present  height  by  C.W.  Blakeslee  and 
Sons,  Inc. ,  as  engineered  by  Malcolm  Pirnie  Engineers.  The 
structure  is  a  compacted  earth  dam  with  a  side  channel 
spillway,  a  50  foot  concrete  ogee  section,  cut  into  rock  at 
the  left  end  of  the  dam.  The  upstream  slopes  of  the  dam  are 
faced  with  riprap.  The  two-30  inch  low  level  lines  of  the 
original  dam  are  utilized  with  new  intake  and  outlet 
structures. 

h.  Normal  Operational  Procedures  -  Valves  are  operated 
as  needed  during  the  summer  months  to  supply  water  to 
downstream  reservoirs  when  the  flow  no  longer  overtops  the 
spillway. 


1.3  Pertinent  Data 

a.  Drainage  Area  -  4.0  square  miles.  Rolling  wooded 

terrain. 

b.  Discharge  at  Dam  Site  -  Maximum  water  over  spillway 
during  August  and  October  1955  floods  -  12"  on  October  16, 
1955.  Spillway  Capacity  at  Test  Flood  Pool  Elevation  407.6 
-  5500  cfs. 


ra 


Elevation  -  {Ft.  above  MSL,  U.S.G.S.  Datum) 

Top  of  Dam:  410.3 
Spillway  Crest:  398.3 
Streambed  0  Center  Line  of  Dam:  322 


High  Level  Intake: 

Low  Level  Intake: 

Outlet  Pipe: 

Reservoir  -  Length  of  Normal 
Pool: 

Length  of  Maximum 
Pool: 

Storage  -  At  Elevation  398.3 
At  Elevation  410.3 
( top  of  dam) 

Reservoir  Surface  - 

At  Elevation  398.3 
At  Elevation  410.3 

Dam  -  Type: 


Length: 

Height: 

Top  Width: 

Side  Slope: 

Corewall: 

Cutoff: 


Dam: 

Corewall: 


375  and  358 

329 

318+ 


4500  ft. 

4500+  ft. 

2740  acre  ft. 
4120  acre  ft. 


115  acres 
115+  acres 

Compacted/rolled 
earth  with  masonry 
corewall. 

1,300  ft. 

710  ft. 

88  feet 

22'  Minimum  -  Dam 
5'  Maximum  -Co rewall 

2.5  H  to  lv  upstream 
2  H  to  lv  downstream 

Masonry  (old  dam 
corewall) 

Foundation  on  rock 
-  both  dam  and 
corewall. 


Diversion  and  Regulatory  Tunnel  -  Not  Applicable 


Spillway  -  Type: 


Length  of  Weir: 
Crest  Elevation: 
Upstream  Channel: 
Downstream  Channel: 


Concrete  ogee 
weir. 

50  feet 

398.  3 

17  H  to  lv  concrete 
5.5  H  to  lv  concrete 


•  • 
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SECTION  2:  ENGINEERING  DATA 


2.1  Design 

a.  Available  Data  -  The  available  data  provided  by  the 
State  of  Connecticut  and  the  Owner,  consists  of  drawings, 
correspondence,  records,  and  calculations  by  the  State  of 
Connecticut  Water  Resources  Commission,  New  Haven  Water 
Company,  Philip  W.  Genovese  and  Associates,  Malcolm  Pirnie 
Engineers,  Joseph  W.  Cone,  and  others.  Considerable  data  is 
available  with  respect  to  the  hydraulic/hydrologic  nature 
and  past  history  of  the  facility.  Pertinent  data  is 
included  in  the  Appendix  Section  B 

b.  Design  Features  -  The  maps  and  drawings  indicate 
the  design  features  described  previously  herein. 

c.  Design  Data  -  There  were  no  engineering  values, 
assumptions,  test  results,  or  calculations  available  for  the 
original  construction  or  for  the  1958  raising.  The  design 
data  available  addresses  only  the  hydraulic/hydrologic 
characteristcs  of  the  facility. 

2.2  Construction 


a.  Available  Data  -  The  available  construction 
drawings  consist  of  a  set  of  plans  entitled  "As-Built,  New 
Haven  Water  Company,  New  Haven,  Conn.,  Chamberlain  Dam",  by 
Malcolm  Pirnie  Engineers,  dated  July  1958. 

b.  Construction  Considerations  -  No  information  was 
available. 


2.3  Operation  -  No  formal  operations  records  exist. 
Operations  were  made  available  for  visual  inspection  by  the 
owner. 

2.4  Evaluation 


a.  Availability  -  Existing  data  was  provided  by  the 
State  of  Connecticut  and  the  owner.  The  owner  made  the 
operations  available  for  visual  inspection. 

b.  Adequacy  -  The  amount  of  existing  data  provided  was 
substantial.  However,  the  amount  of  detailed  engineering 
data  available  was  inadequate  to  perform  in-depth  assessment 
of  the  dam.  Therefore,  the  final  assessment  of  this 
investigation  must  be  based  primarily  on  visual  inspection, 
performance  history,  hydraulic  computations  of  spillway 
capacity  based  upon  approximate  hydrologic  assumptions. 


c.  Validity  -  The  drawings  and  correspondence 
the  dam  substantially  as  observed  during  the 
inspection. 


portray 
f  ield 


SECTION  3:  VISUAL  INSPECTION 


3.1  Findings 

a.  General  -  The  general  appearance  of  the  dam  is 
good.  However,  close  inspection  reveals  some  areas 
requiring  m:.;"3r  maintenance. 

b.  Dam 

Upstream  Slope  -  During  inspection,  the  reservoir 
level  was  slightly  over  the  spillway;  thus  only  the  upper 
part  of  the  upstream  slope  was  inspected.  The  upper  4  feet 
of  the  slope  is  grass  covered  with  no  evidence  of 
significant  erosion.  Below  the  grass-covered  rone,  there  is 
riprap  consisting  of  stone,  ranging  in  size  from  about  one 
inch  to  about  2.5  ft.  The  riprap  appears,  in  general,  in 
good  condition,  even  though  there  are  some  areas  where  there 
is  some  segregation  of  the  smaller  and  larger  stone  sizes. 

Crest  -  The  crest  of  the  dam  contains  a  gravel  roadway 
with  grass-covered  berms.  No  evidence  of  erosion  or 
cracking  was  observed  along  the  crest. 

Downstream  Slope  -  The  downsteam  slope  is  grass  covered 
with  no  evidence  of  sloughing  or  wet  spots  observed.  There 
has  been  trespassing  of  motocycles  creating  paths  over  which 
erosion  can  eventually  develop,  even  though  the  erosion  at 
the  time  of  the  visual  inspection  was  minor.  The  darker 
green  area,  seen  on  the  upper  part  of  the  slope,  corresponds 
to  a  different  type  of  vegetation  cover  being  tried  for 
higher  resistance  to  trespassers. 

A  seep  was  observed  along  the  toe  of  the  slope.  Crushed 
stone  was  placed  in  the  area  of  the  seep,  and  water  flowing 
due  to  the  seep  covered  an  area  wider  than  that  of  the  stone. 
The  water  appears  clear,  and  no  evidence  of  silt  deposition 
was  observed.  It  appears  that  the  volume  of  flow  increases 
as  the  stream  travels  along  the  toe,  indicating  that  there 
is  more  than  one  source  of  water  along  the  toe.  The  stream 
eventually  discharges  into  the  outlet  channel  about  20  feet 
downstream  of  the  outlet  structure. 

A  wet  area  exists  about  100  feet  downstream  of  the  toe 
of  the  dam.  The  water  flow  covers  an  area  about  50  feet  wide 
as  it  approaches  the  outlet  channel.  The  wet  areas  are 
indicated  by  the  darker  green  vegetation.  Upon  close 
inspection,  the  water  appears  to  be  clear,  and  no  evidence 
of  silt  transport  was  apparent.  In  the  part  of  the  wet  area 
farthest  from  the  outlet  channel,  a  few  bedrock  exposures 
were  noted.  These  exposures  become  more  prevalent  as  one 
approaches  the  spillway  channel,  and  the  bottom  of  the 
spillway  channel  itself  is  bedrock. 


c.  Appurtenant  Structures  -  The  outlet  structure  and 
gate  chamber  are  in  good  condition,  and  the  outlet  channel 
is  the  natural  bed  of  the  river.  The  spillway  channel  was 
excavated  in  bedrock  and  is  in  good  condition. 

3.2  Evaluation 

The  visual  inspection  was  sufficient  to  indicate  no 
immediate  safety  problems.  Seeps  observed  at  the  toe  of  the 
dam  and  downstream  of  the  dam  carry  a  significant  volume  of 
water,  although  there  is  no  visual  evidence  of  piping.  The 
significance  of  the  seeps  has  to  be  analyzed  in  reference  to 
the  zoning  of  the  earth  embankment  and  to  the  foundation 
soils  and  bedrock,  as  will  be  discussed  in  Section  6. 


SECTION  4:  OPERATIONAL  PROCEDURES 


4.1  Regulating  Procedures 

No  regulating  procedures  exist  for  this  dare  other  than 
those  necessary  for  providing  sufficient  water  to  downstream 
reservoirs  as  needed  to  maintain  an  adequate  public  water 
supply. 

4.2  Maintenance  of  Dam 

Water  levels  in  the  reservoir  are  recorded  daily  and 
seeps  at  the  toe  of  the  dam  are  observed  periodically  and 
monitored.  Any  needed  maintenance  is  observed  and  reported 
during  these  visits.  During  the  growing  season,  the  grass 
is  cut  regulary.  Riprap  has  been  dumped  in  areas  of  the 
seeps,  and  recent  field  investigations  by  the  owner  or 
representatives  of  the  owner  may  result  in  remedial  measures 
consisting  of  a  system  of  drains  being  installed. 

4. 3  Maintenance  of  Operating  Facilities 

The  maintenance  of  the  operating  facilities  is  on  an  as- 
needed  basis.  The  valves  are  generally  operated  during  dry 
seasons  to  provide  water  to  downstream  reservoirs.  The 
valves  are  usually  greased  every  one  to  two  years. 

4.4  Description  of  Any  Warning  System  in  Effect 

No  formal  warning  system  is  in  effect.  The  dam  operator 
reports  emergency  situations  directly  to  his  supervisor. 

4.5  Evaluation 


Maintenance  procedures,  as  they  exist  presently,  are 
generally  good  and  should  be  continued  on  a  regular  basis. 
However,  operation  and  maintenance  procedures  should  be 
documented  on  a  formal  basis  to  provide  accurate  records  for 
future  reference.  A  formal  warning  system  should  be 
developed  to  warn  the  downstream  population  of  possible 
emergencies. 


.  •  • 
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SECTION  5s  HYDRAULIC/HYDROLOGIC 


5.1  Evaluation  of  Features 


a.  Design  Data  -  No  computations  could  be  found  for 
the  original  dam  construction.  The  report  on  dams  owned  by 
the  New  Haven  Water  Company  by  Joseph  W.  Cone,  and  the 
report  by  Malcolm  Pirnie  Engineers  on  effects  of  the  maximum 
possible  storm  on  the  spillways  of  dams  in  the  West  River 
System,  both  contain  information  on  the  hydraulic/hydrologic 
computations  conducted  for  the  respective  reports,  which  are 
included  in  the  Appendix  Section  B. 

b.  Experience  Data  -  Water  generally  flows  over  the 
spillway  from  late  fall  to  early  summer. 

c.  Visual  Observations  -  On  the  dates  of  our 
inspections,  the  spillway  was  clear  and  unobstructed.  The 
spillway  is  spanned  by  a  bridge;  however,  due  to  the  fact 
that  during  the  test  flood,  the  dam  will  still  have 
approximately  2.7  feet  of  freeboard,  the  possibility  of 
blockage  due  to  the  bridge  collecting  debris  is  minimal.  It 
is  possible  that  blockage  due  to  large  debris  (trees)  could 
occur  at  the  concrete  spillway  entrance. 

Any  overtopping  will  occur  first  at  the  dike  to  the  left 
of  the  spillway  as  the  elevation  at  the  top  of  the  dike  is  2 
feet  below  that  of  the  top  of  the  embankment. 

d.  Overtopping  Potential  -  The  recommended  spillway 
test  flood  for  this  high  hazard  intermediate  size  dam  is  the 
Probable  Maximum  Flood  (PMF) .  Based  upon  hydraulics 
computations,  the  spillway  capacity  is  8100  cfs  (Appendix  D- 
10).  Based  upon  "Preliminary  Guidance  for  Estimating 
Maximum  Probable  Discharges"  March  1978,  peak  inflow  to  the 
reservoir  is  7600  cfs  (Appendix  D-9);  peak  outflow  (Test 
Flood)  is  5500  cfs  with  approximately  2.7  feet  of  freeboard 
maintained  (Appendix  D-12). 

e.  Spillway  Adequacy  -  The  spillway  will  pass  in 
excess  or  100%  of  the  5500  cfs  test  flood  without 
overtopping. 


SECTION  6:  STRUCTURAL  STABILITY 


6.1  Evaluation  of  Structural  Stability 

a.  Visual  Observations  -  Prom  a  structural  standpoint, 
the  dam,  the  spillway  sidewalls  and  spillway  channel  all 
appear  to  be  stable  with  no  problems  indicated.  Some 
shifting  of  the  channel  wall  has  occurred  at  the 
construction  joint  on  the  landside  of  the  spillway.  The 
intake  chamber  is  also  in  good  condition,  and  does  not 
appear  to  have  any  stability  problems. 

Visual  inspection  from  a  geotechnical  standpoint  did  not 
disclose  any  apparent  stability  problems. 

b.  Design  and  Construction  Data  -  The  design  drawings 
and  specifications  of  July  1958  for  raising  the  dam  indicate 
some  intended  zoning  for  the  earth  embankment  consisting  of: 

1.  "Sandy  Material"  to  an  unspecified  depth  under  the 
upstream  and  downstream  slopes. 

2.  "Compacted  Gravelly  Material"  to  be  placed  down¬ 
stream  of  the  original  dam  as  a  blanket  drain. 

3.  The  riprap  removed  from  the  upstream  slope  of  the 
original  dam  to  be  placed  at  the  downstream  toe  of 
the  new  dam  in  the  vicinity  of  the  outlet  and  gate 
chamber  structure. 

The  materials  referred  to  under  1  and  2  were  not 
specified  in  the  contract  documents,  but  were  obtained  by 
field  selection  of  the  more  pervious  soils  from  the  borrow 
area.  Thus,  it  is  not  known  how  effective  the  zoning  shown 
on  the  plans  actually  is  in  the  field.  Three  holes  were  made 
with  a  hand  auger  to  depths  of  1.5  to  2.0  feet  near  the  right 
catch  basin  in  the  upper  berm  of  the  downstream  slope. 
Uncovered  were  about  one  foot  of  topsoil  and  then  a  gray 
clayey  sand  or  sandy  clay,  which  is  too  impervious  to  act  as 
a  drain. 


c.  Operating  Records  -  The  operating  records  available 
do  not  contain  indications  of  instability. 

d.  Post-Construction  Changes  -  The  available  records 
do  not  indicate  changes  after  the  1958-1959  raising  of  the 
dam 


e.  Seismic  Stability  -  Lake  Chamberlain  Dam  is  located 
in  Seismic  Zone  l7  according  to  the  USCE  recommended 
guidelines,  and  therefore,  it  does  not  require  a  special 
analysis  for  seismic  stability. 


f.  Special  Considerations  -  Seepage  -  If  an  analysis 
is  made  to  determine  the  exit  point  of  the  line  of  seepage, 
the  following  may  be  concluded: 


1)  Assuming  the  dam  to  be  homogenous,  i.e.  there  is  not 
an  effective  blanket  drain,  and  assuming  different 
ratios  of  horizontal,  kh,  to  vertical,  kv, 
permeabilities,  the  line  of  seepage  will  exit  along 
the  downstream  slope  at  the  following  elevations  for 
the  maximum  cross  section. 


kh/kv  *  lf  Elev  352 

«  10,  Elev  362 

=  100,  Elev  382 


2)  Assuming  the  blanket  drain  to  be  effective,  the 
seepage  line  will  remain  within  the  body  of  the  dam 
for  kh/ky  equal  to  1  and  10,  and  it  will  exit  along 
the  downstream  slope  if  kh/k  «  100.  The  elevation 
at  which  the  seepage  line  will  exit  will  depend  upon 
the  degree  of  effectiveness  of  the  blanket  drain. 


Ratios  of  horizontal  permeability  of  10  to  100  can  be 
considered  reasonable  for  embankments  built  in  layers.  On 
the  basis  of  the  analysis,  it  is  probable  that  in  some  areas 
the  line  of  seepage  is  discharging  along  the  downstream 
slope  whether  the  blanket  drain  is  effective  or  not.  The 
absence  of  wet  spots  on  the  downstream  slope  indicates  the 
flow  to  be  small  enough  so  that  evaporation  and  absorption 
by  vegetation  prevents  the  formation  of  wet  areas.  The 
presence  of  wet  areas  at  the  downstream  toe,  to  the  right  of 
the  outlet  channel  and  also  downstream  of  the  dam,  probably 
indicated  that  the  observed  seeps  occur  along  the  foundation 
soils  and/or  bedrock. 

Neither  the  possibility  of  discharge  along  the 
downstream  slope,  nor  the  seeps  observed,  constitute  an 
indication  of  an  unsafe  condition  at  the  present  time. 
However,  the  downstream  slope  of  the  dam  is  relatively 
steep,  2  horizontal  to  1  vertical,  and  the  internal  drainage 
provisions  are  at  best  of  limited  effectiveness.  Therefore, 
the  effects  of  water  discharging  through  the  toe  and 
downstream  of  the  toe  should  be  further  investigated,  and  if 
necessary,  seepage  control  measures  such  as  toe  drains  or 
weighted  filters  should  be  installed. 


_• 


-13- 


SECTION  7:  ASSESSMENT,  RECOMMENDATIONS  AND  REMEDIAL  MEASURES 


7.1  Dam  Assessment 


a.  Condition  -  Based  upon  visual  inspections  at  the 
site  and  the  past  perforaance  of  the  dam,  the  dam  appears  to 
be  in  good  condition.  No  evidence  of  structural  instability 
was  observed,  and  the  condition  of  the  (earthen)  embankment 
is  good.  However,  there  are  some  areas  requiring  monitoring 
and  minor  maintenance. 

Based  upon  our  hydraulics  computations,  the  spillway 
capacity  is  8100  cubic  feet  per  second  (cfs),  which  is  in 
excess  of  100  percent  of  the  Test  Plood.  Based  upon 
"Preliminary  Guidance  for  Estimating  Maximum  Probable 
Discharges"  dated  March  1978,  peak  inflow  to  the  reservoir 
is  7600  cfs;  peak  outflow  (Test  Flood)  is  5500  cfs.  The 
spillway  will  pass  100%  of  the  5500  cfs  test  flood  with  the 
dam  maintaining  a  2.7  foot  freeboard. 

Utilizing  the  April  1978  "Rule  of  Thumb  Guidance  for 
Estimating  Downstream  Dam  Failure  Hydrographs",  the  peak 
failure  outflow  from  the  dam  would  be  251,000  cfs.  The 
average  stage  5600  feet  downstream  to  Glen  Lake  would  be  34 
feet.  Glen  Lake  Dam  would  be  overtopped  by  approximately  20 
feet  and  would  most  likely  breach.  Even  if  the  Glen  Lake  Dam 
does  not  breach,  the  20  foot  wave  would  sweep  down  the 
Sargent  River  to  residential  Woodbridge,  approximately  1 
mile  further  downstream,  causing  severe  damage  to  life  and 
property. 

b.  Adequacy  of  Information  -  The  information  available 
is  such  that  an  assessment  of  the  stability  of  the  dam  must 
be  based  principally  on  visual  inspection  and  past 
performance  of  the  structure.  For  example,  information 
concerning  the  "as  built”  zoning  of  the  dam,  which  was  not 
available,  is  essential  to  formally  analyze  the  stability  of 
an  earth  dam. 

c.  Urgency  -  The  recommendations  and  remedial  measures 
presented  in  Sections  7.2  and  7.3  should  be  implemented 
within  the  time  span  specified  for  each  section. 

d.  Need  for  Additional  Information  -  The  findings  of 
the  visual  inspection  do  not  require  further  studies; 
however,  the  owner  should  perform  additional  investigations 
and  monitoring  as  recommended  below  in  Sections  7.2  and  7.3. 


-14- 


7.2  Recommendations 


The  recommendations  presented  in  this  section  should  be 
implemented  within  one  year  of  the  owner's  receipt  of  this 
Phase  I  Inspection  Report. 

1.  An  investigation  of  the  seep  which  exits  downstream 
of  the  dam  should  be  conducted  to  determine: 

a.  Location  of  the  exit  points  which  are  now 
obscured  by  vegetation. 

b.  Potential  for  piping  or  boils  at  the  location  of 
the  exit  points  (which  depends  on  the  type  of 
soil  at  those  points). 

c.  Whether  seepage  control  measures  are  indicated. 

2.  A  program  for  monthly  monitoring  of  seeps  observed 
at  the  toe  and  downstream  of  the  dam  should  be 
implemented.  Monitoring  should  be  visual  to 
evaluate  the  turbidity  of  the  water  and  should  also 
include  photographic  evidence  that  would  provide  a 
record  to  detect  large  changes  in  the  volume  of  flow 
or  in  the  size  of  the  wet  areas  from  the  time  of  one 
Inspection  to  another.  Presence  of  suspended  solids 
in  the  water  or  substantial  changes  in  flow  not 
related  to  changes  in  reservoir  level  should  be 
considered  as  indications  of  an  unsafe  conditions. 

7.3  Remedial  Measures 


a.  Alternatives  -  This  study  has  identified  no 
practical  alternatives  to  the  above  recommendations. 

b.  Operation  and  Maintenance  Procedures  -  The  following 
measures  should  be  undertaken  within  one  year  of  the  owner's 
receipt  of  this  report  and  continued  on  a  regular  basis. 


1.  A  formal  program  of  operation  and  maintenance 
procedures  should  be  instituted,  and  fully 
documented  to  provide  accurate  records  for 
future  reference. 

2.  Round  the  clock  surveillance  should  be  provided 
by  the  owner  during  periods  of  unusually  heavy 
precipitation.  The  owner  should  develop  a 
formal  warning  system  with  local  officials  for 
alerting  downstream  residents  in  case  of 
emergency. 
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The  spillway  channel  wall  on  the  left  side  at 
the  construction  joint  should  be  observed 
periodically  to  determine  whether  or  not  further 
movement  is  occurring. 

During  the  course  of  this  study,  it  was  brought 
to  our  attention  that  the  New  Haven  Water 
Company  has  instituted  a  yearly  program  for 
inspection  of  all  their  dams,  including  Lake 
Chamberlain  Dam,  by  a  consultant  competent  in 
the  field  of  dam  inspection.  This  program, 
which  has  been  in  effect  for  the  past  two  years, 
is  commendable  and  should  be  continued  in  the 
future. 
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APPENDIX 

SECTION  A:  VISUAL  OBSERVATIONS 


VISUAL  INSPECTION  CHECK  LIST 
PARTY  ORGANIZATION 


PROJECT  Lake  Chamberlain 


PARTY: 


1  •  Mike  Horton 


INITIALS: 


DATE:  June  1,  1978 

TIME:  - 


HEATHER:  Sunny,  Clear 


W.S.  ELEV •395__U . S . _ — 

DISCIPLINE: 


Structural 


Hydraulic 


DN.S 


PROJECT  FEATURE 


Earth  Dam  Embankment 


Spillway- Approach ,  Channel,  Weir, 


INSPECTED  BY 


REMARKS 


I  »>  *  W i!  im*  iTbbl?  1 


Outlet  Works-Outlet  Structure 


Outlet  Works-Service  Bridge 


1 1  V-7»  uCi  n  trA'l-1  rlfl 


Outlet  Works-Control  Tower, 
5.  Operating  House.  Gate  Shafts 


PERIODIC  INSPECTION  CHECK  LIST 


Page  l  of  2 

PROJECT  Lake  Chamberlain _  DATE  June  1.  1978 

PROJECT  FEATURE  Zoned  Earth  Dan  Embankment 


AREA  EVALUATED 


BY 


Crest  Elevation 

Current  Pool  Elevation 

Maximum  Impoundment  to  Date 

Surface  Cracks 

Pavement  Condition 

Movement  or  Settlement  of  Crest 

Lateral -Movement 

Vertical  Alignment 

Horizontal  Alignment 

Condition  at  Abutment  and  at  Con¬ 
crete  Structures 

Indications  of  Movement  of  Struc¬ 
tural  Items  on  Slopes 

Trespassing  on  Slopes 

Sloughing  or  Erosion  of  Slopes  or 
Abutments 

Rock  Slope  Protection-Riprap  Fail¬ 
ures 

Unusual  Movement  or  Cracking  at  or 
near  Toes 

Unusual  Babankment  of  Downstream 
Seepage 

Piping  or  Boils 
Foundation  Drainage  Features 
Toe  Drains 


GC 

GC 

GC 

GC 

GC 

GC 

GC 

GC 

GC 

GC 

GC 

GC 

GC 

GC 

GC 

GC 


CONDITION 


None  observed. 

Not  applicable. 

None  apparent. 

None  apparent. 

No  misalignment  observable. 

No  misalignment  observable. 

Good. 

None  apparent. 

Motorcycle  paths  on  D.S.  slope. 

None  observed . 

None  observed. 

None  observed. 

Significant  seeps  at  toe  and  D.S.  of 
Dam. 

None  observed. 

None  known  or  observed. 

Along  D.S.  slope  to  the  right  of  out¬ 
let  structure. 


PERIODIC  INSPECTION  CHECK  LIST 


Page  l  of  l 

PROJECT  Lake  Chamberlain _  DATE  June  1,  1978 

PROJECT  FEATURE  Spillway-Approach,  Channel,  Weir,  Discharge  Channel 


PERIODIC  INSPECTION  CHECK  LIST 


PROJECT 


Lake  Chamberlain 


Page  l  of  2 
DATE  June  1,  1978 


PROJECT  FEATURE  Outlet  Works-Control  Tower,  Operating  House.  Gate  Shafts 


AREA  EVALUATED 

BY 

CONDITION 

a.  Concrete  and  Structural 

General  Condition 

MH 

Good. 

Condition  of  Joints 

MH 

Good. 

Spalling 

MH 

Very  little.  Top  surface  spalled  in 

seme  areas. 

Visible  Reinforcing 

MH 

None . 

Rusting  or  Staining  of  Concrete 

MH 

None. 

Any  Seepage  or  Efflorescence 

MH 

Occasional. 

Joint  Alignment 

MH 

Good. 

Unusual  Seepage  or  Leaks  in 

MH 

None  visible.  Water  in  chamber  spray- j 

Gate  Chamber 

ing  from  inlet  piping. 

Cracks 

Rusting  or  Corrosion  of  Steel 

Mechanical  and  Electrical 

Air  Vents 

Float  Wells 

Crane  Hoist 

Elevator 

Hydraulic  System 
Service  Gates 
Emergency  Gates 
Lighting  Protection  System 


PERIODIC  INSPECTION  CHECK  LIST 


Page  1  of  1 

PROJECT  Lake  Chamberlain _  DATE  June  1,  1978 

PROJECT  FEATURE^^^lst^Works^S^vics^Bridgs^iPcdfi^trisnj/Vfihiculsr)^ 


AREA  EVALUATED 

BY 

CONDITION 

a .  Super  Structure 

Bearings 

MH 

Acceptable. 

Anchor  Bolts 

Bridge  Seat 

MH 

Good . 

Longitudinal  Members 

MH 

Good. 

Under  Side  of  Deck 

MH 

Good. 

Secondary  Bracing 

MH 

None. 

Deck 

MH 

Pitched-good. 

Drainage  System 

Railings 

MH 

Spalling  at  base  anchors. 

Expansion  Joints 

MH 

Joint  filled  with  mortar;  cannot  close 

Paint 

MH 

1 

None . 

b.  Abutment  &  Piers 

General  Condition  of  Concrete 

MH 

Good. 

Alignment  of  Abutment 

MH 

Acceptable . 

Approach  to  Bridge 

MH 

Good . 

Condition  of  Seat  &  Backwall 


MH 


Good. 


PERIODIC  INSPECTION  CHECK  LIST 


PROJECT  Lake  Chamberlain  Oam 


PROJECT  FEATURE  Reservior 


Page  1  of  1 
DATE  June  1.  1978 


AREA  EVALUATED 


Shoreline 

Sedimentation 

Potential  Upstream  Hazard  Areas 

Watershed  Alteration-Runoff  Poten¬ 
tial 


BY 


DT 

DT 

DT 

DT 


CONDITION 


Good. 

None  observed. 

Closest  house  1000*. 
potential. 

None  at  this  time. 


No  flooding 


PERIODIC  INSPECTION  CHECK  LIST 


Page  l  of  l 

PROJECT  Lake  Chamberlain  Dam 

DATE  June  1.  1978 

PROJECT  FEATURE  Operations  and  Maintenance 

AREA  EVALUATED 

BY 

CONDITION 

a.  Reservoir  Regulation  Plan 

Normal  Conditions 

DT 

Daily  water  level  readings  taken. 

Emergency  Plans 

DT 

Report  emergencies  to  the  New  Haven 
Water  Company  office. 

Warning  System 

DT 

b.  Maintenance  (Type)  (Regularity) 

Spillway 

DT 

Maintenance  when  needed  is  reported  to 
office.  Maintenance  and  greasing 

DT 

usually  every  one  (1)  to  two  (2)  years, 

Outlet  Works 


DT 


Seepage  since  dam  was  built.  Situtatio 
presently  being  investigated  and 
solutions  considered. 


PERIODIC  INSPECTION  CHECK  LIST 

Page  1  of  1 

PROJECT  Lake  Chamberlain  Dam  DATE  June  1.  1978 

PROJECT  FEATURE  Safety  and  Performance  Instrumentation _ _ 


AREA  EVALUATED 

BY 

CONDITION 

Headwater  and  Tailwater  Gages 

DT 

Measured  at  spillway. 

Horizontal  and  Vertical  Alignment 
Instrumentation  (Concrete 
Structures) 

DT 

None. 

Horizontal  and  Vertical  Movement, 
Consolidation,  and  Pore-Water 
Pressure  Instrumentation 
(Embankment  Structures) 

DT 

None. 

Uplift  Instrumentation 

DT 

None. 

Drainage  System  Instrumentation 

DT 

None . 

1 

Seismic  Instrumentation 


DT 


None. 
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SECTION  B:  EXISTING  DATA 
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SPECIAL  NOTE 


SECTION  B 

AVAILABILITY  OF  DATA 


The  correspondence  listed  in  the  Summary  of  Contents  and 
the  plans  listed  in  the  Table  of  Contents,  Appendix  Section 
B,  are  included  in  the  master  copy  of  this  report,  which  is 
on  file  at  the  office  of  the  Army  Corps  of  Engineers,  New 
England  Division,  in  Waltham,  Massachusetts. 

Only  the  following  correspondence  is  included  in  this 
report: 


Date 

To 

From 

Subiect 

Page 

July, 

1958 

New  Haven 
Water  Co. 

Malcolm  Pirnie 
Engineers 

Design  Report 
Chamberlain 

Lake  Dam 

B-3 

June  26 
1965 

New  Haven 
Water  Co. 

Joseph  W.  Cone 

Report  concern¬ 
ing  dams  owned 
by  New  Haven 
Water  Co. 

B-102 

Aug.  2, 
1967 

New  Haven 
Water  Co. 

Malcolm  Pirnie 
Engineers 

Investigation 
of  the  effects 

B-130 

of  a  flood  pro¬ 
duced  by  the 
Maximum  Possible 
Storm  on  spillways 
of  West  River  System 
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NEW  HAVEN  WATER  COMPANY 
NEW  HAVEN,  CONNECTICUT 
DESION  REPORT 
CHAMBERLAIN  LAKE  DAM 
JULY  1958 


MALCOLM  PIRNIE  ENGINEERS 
25  West  43rd  Street 
New  York  36,  N.Y. 


NEW  HAVEN  WATER  COMPANY 
NEW  HAVEN,  CONNECTICUT 


DESIGN  REPORT 
CHAMBERLAIN  LAKE  DAM  • 


LOCATION  * 

The  Chamberlain  Lake  Dam  Is  located  on  Sargent  River 
about  4,000  feet  west  of  Route  69  In  Bethany.  The  location 
Is  shown  on  Sheet  1  of  8  of  the  contract  drawings. 

DESCRIPTION  OF  PROJECT 

At  present  the  New  Haven  Water  Company  has  two  reservoirs 
on  the  Sargent  River.  Glen  Lake,  with  a  usable  storage  of 
197  million  gallons  has  a  tributary  drainage  area  including 
that  of  Chamberlain  Dam  of  9.6  square  miles.  Chamerlaln  Lake, 
with  a  usable  capacity  of  165  mg,  is  located  upstream  from 
Glen  Lake  and  has  a  tributary  drainage  area  of  3-9  equare  miles. 

It  is  proposed  to  raise  the  Chamberlain  Lake  Dam  spillway 
from  Elevation  355. $7  to  Elevation  395.0,  increasing  the 
usable  storage  to  900  mg.  The  safe  yield  of  the  Glen  Lake- 
Chamberlain  Lake  system  will  be  increased  from  2.9  mgd  to 
4.7  mgd.  The  capacity  curve  of  the  proposed  reservoir  is 
shown  in  Figure  1 . 

The  present  Lake  Chamberlain  Dam,  constructed  in  1851, 
is  a  rolled  earth  dam  with  a  masonry  core  wall.  The  entire 


•  • 
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dam  ia  built  on  rock  with  a  39-foot  long  spillway  cut  in  the 
rock  at  the  easterly  end  of  the  dan.  There  are  two  30-inch 
cast  iron  blowoffs  through  the  dam  which  are  used  to  let 
water  down  to  Glen  Lake. 

The  arrangement  of  the  higher  dam  will  be  very  aimilar 
to  the  existing  one.  The  dam  will  be  a  compacted  earth 
structure.  The  two  30-inch  blowoff  linos  will  be  used  with 
a  new  intake  and  cutlet  structure.  The  spillway  will  be  a 
50-foot  concrete  ogee  section  cut  into  rock  at  the  easterly 
'end  of  the  dam. 

FLOOD  FLOWS 

There  is  no  record  of  stream  flow  gagings  on  the  Sargent 
River. 

Peak  flows  at  the  dam  site  have  been  estimated  by  the 
procedure  outlined  ir.  Geological  furvey  Circular  365  as 
modified  in  the  Connecticut  "ocicty  of  Civil  Engineers 1  73rd 
Annual  Report,  Pages  89  and  92.  Peak  floods  and  flood  hydro- 
graphs  were  calculated  according  to  procedures  outlined  in 
the  Army  Corps  of  Engineers'  Engineering  Manual,  Hydrologic 
and  Hydraulic  Analyses,  Part  CXIV,  Chapter  5. 

Judging  the  drainage  area  to  have  normal  characteristics 
in  accordance  with  Circular  385  nomenclature,  the  peak  flood 
with  a  recurrence  interval  of  1,000  years  was  estimated  to 
be  2,9^0  cfs. 

Using  rainfall  data  from  the  U.  S.  Weather  Bureau 
Technical  Paper  Ho.  25,  Rainfall  Intensity-Duration-Frequency 
Curves  for  the  Hew  Haven  .-/eather  Station  and  that  at  Meriden, 


Connecticut,  and  Westfield,  Massachusetts  for  the  hurricane 
storms  of  August,  1955*  a  storm  of  hurricane  intensity  was 
developed  with  a  recurrence  interval  of  once  in  1,000  years. 

A  flood  hydrograph  constructed  by  the  Army  Corps  of 
Engineers'  method  is  shown  in  Figure  2.  The  peak  flow  is 
3,055  cfs  as  compared  to  2,9^0  cfs  by  the  method  used  in 
Circular  365. 

FLOOD  ROUTING 

The  flood  hydrograph  for  a  1,000 -year  storm  developed  by 

the  Army  Corps  of  Engineers '  method  was  routed  through  Lake 

Chamberlain.  A  spillway  rating  curve,  shown  in  Figure  3> 

was  used  for  the  ogee  type  spillway  section  with  a  length  of 

50  feet  and  a  coefficient  which  varies  with  the  head  on  the 

spillway.  The  coefficient  varies  from  3.2  to  3.5. 

When  the  design  storm  was  routed  through  the  reservoir 

a  peak  outflow  of  2,100  cfs  and  a  head  of  4.8  feet  above  the 

spillway  crest  was  obtained.  This  is  indicated  in  Figure  2. 

Freeboard  of  7  feet  above  the  maximum  water  level  resulting 

from  a  1,000-year  flood  will  enable  the  dam  to  pass  floods 

of  a  recurrence  Interval  considerably  greater  than  once  in 
* 

1,000  years  with  no  damage  other  than  possible  local  damage 
to  the  spillway  outlet  channel. 

The  outlet  channel  has  been  designed  to  handle  a  peak- 
outflow  of  2,100  cfs. 

PLANO  ALT)  SPECIFIC  AT  I CUO 

The  contract  drawings  consist  of  eight  (8)  sheets  which 
show  plans,  sections,  elevations  and  details  of  {.ate  chamber. 


concrete  spillway  and  overflow  structures.  The  dan  will  be 
a  compacted  earth  dan.  Suitable  material  exists  in  the 
reservoir  area  Immediately  above  the  dan. 

It  is  planned  to  have  full-time  engineering  supervision 
during  the  construction  of  the  dam,  control  of  moisture  con¬ 
tent,  degree  of  compaction  and  density  of  compacted  embankment 
will  be  maintained. 


KALCOIH  PIRIIIE  ENGINEERS 


i  • 


1965 

REPORT 

CONCERNING  DAMS 
Owned  by 

NEW  HAVEN  WATER  CO. 
BETHANY 
WATROUS 
CHAMBERLAIN 
GLEN 
DAWSON 

on  the 

WEST  &  SARGENT  RIVERS 


B-IOI 


INDEX 


Part  I 

Page 

latter  of  Transmital 

1-4 

Watershed 

5-6 

Precipitation 

6-8 

Flood  Flow  1955 

8-9 

Q  *  9  vs  Conn  Formula 

9-10 

Spillway  Capacity 

11 

MAF,  Comparison  Check 

11-12 

Bethany 

12-13 

Watrous 

13 

Chamberlain 

14 

Glen 

14-15 

Dawson 

15-17 

General 

17 

Part  II 

NOTE:  Maps,  graphs,  ate.,  are  In  separate 
folder. 


•  ••••• 


-10  3 


4TM 
ATMM  4 


lew  va 


Joseph  W.  Cone 

CIVIL  CN4IMU* 

IS4  HAVBMBVn  PLACE 
Oresnwicn.  Connecticut 
OMM 


MIN 


Jhne  26,  1965 


Mr#  William  P.  Sander 
Watar  Resources  Commiaaion 
State  Office  Building 

Hartford  15*  Conn*  Re:  Dama  #35  -  1  to  5 

Haw  Haven  Waiter  Co* 


i 

f: 
[•  ’ 

if 
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Dear  Hr.  Sander: 

First,  I  apologize  for  not  completing  this  aaslgn- 
ment  more  promptly;  reaaona  being  that  a  low  quality 
virus  for  over  a  month  left  me  with  no  pep  mentally  or 
phyaleally,  and  delaya  in  obtaining  certain  plana  and 
information* 

The  assignment  was-  "we  would  like  to  know  the 
present  condition  of  these  dams”  -  Bethany  -  Watrous  - 
Dawson  on  West  River  and  Chamberlain  -  Glen  on  Sargent 
River,  a  tributory  to  West  River  above  Dawson  Dam, 

In  my  opinion,  the  "condition"  of  these  dams  is 
good  as  regards  masonry  of  the  three  masonry  gravity 
dams  and  the  upkeep  of  two  earth  embankment  dams* 

But  as  regard  to  whether  or  not  the  dams  are  safe, 
particularly  as  regard  spillway  oapaolty.  my  opinion  la 
as  follows: 


35-1 


Bethany  Spillway  is  inadequate.  However  a  thin 
sheet  over  a  length  of  990'  will  do  comparatively 
little  damage  exoept  to  highway.  The  gravity 
section  is  safe* 
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Nr*  William  P,  Sander  -2-  June  26*  *65 

35-2  Watrous  Generally  same  remarks  as  for  Bethany* 
35-3  Chamberlain  Spillway  Is  adequate  In  every  respect 
as  Is  the  dam*  It  Is  reassuring  to  find  a  spillway 
that  will  carry  1525  efs  per  sq*  ml*  on  4*1  sq*  ml. 
Note  Items  #26  &  28  on  Data  Sheet* 

35-4  <|lcn  Spillway  is  nowhere  near  adequate*  In  fact* 
Oot*  *55  flood  nearly  overtopped  earth  section  at 
left  or  east  abutment*  Section  of  dam  is  safe* 
Right  abutment  should  be  raised  to  protect 
highway* 

Left  abutment  should  be  investigated:- 

(a)  To  detexmlne  whether  or  not  there  is  a  core 
wall* 

(b)  Possibility  of  emergency  spillway  or  fuse 
Plug* 

(c)  Note  Items  #26  &  28  on  Data  Sheet* 

35-5  Dawson  Present  spillway  is  entirely  Inadequate 

to  carry  probable  floods  of  the  present  and  future* 
In  fact*  the  dam  would  have  been  overtopped  if 
certain  saving  factors  had  not  been  present  in 
Oct.  1955. 

(a)  Not  an  excessive  rainfall*  only  about  R  of 
50  yr*  (Compare  with  precipitation  graphs) 

(b)  Several  of  reservoirs  were  below  FL  (See  data 
notes  by  Navaro  Which  you  have) 


Mr*  William  P*  Sander 
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June  26,  *65 


(e)  Flood  Q  *55  «t  Dawson  of  about  2100  ofs  has 
an  R  value  3*8  (2100  7  560)  equivalent  to 
120  yr  on  old  Conn*  curve  and  55  yr  on  re¬ 
vised  1965  curve.  (See  graph  PL  13) 

Items  #26  &  28  on  Data  Sheet  are  particularly 
Illuminating* 

It  does  not  need  a  lively  Imagination  to  visualize 
what  would  happen  to  Westvllle  and  New  Haven  if  Dawson 
should  be  overtopped;  Norwich  failure  would  be  peanuts 
comparatively* 

A  brief  discussion  of  pertinent  data  and  situations 
follows.  Also  there  are  prints  of  sections  of  dams, 
precipitation  graphs  and  various  other  graphs  that  I 
used  or  are  pertinent  to  this  Investigation  for  general 
information  or  checking  purposes* 

Please  excuse  the  Informality  and  crudness  of  the 
matter  submitted,  the  objective  being  to  reduoe  oosts  to 
the  minimum* 

I  would  observe  that  Mr.  Navaro,  Mr.  Ferris  and  Mr* 
Reynolds  of  the  New  Haven  Water  Co.  were  most  cooperative 
as  was  Mr.  Thomas  of  the  U.S.  Ceologlcal  Survey* 

My  recommendation  is  that  the  New  Haven  Water  Co* 
be  advised  that  their  consulting  engineers  should  inves¬ 
tigate  the  entire  system,  with  particular  emphasis  on 


Mr*  William  P.  Sander 
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June  26 , 

conditions  at  Glen  and  Dawson,  and  submit  corrective 
measures* 

Yours  very  truly, 

#  ;  /''(c.  c/i*  . — 

JWC/dr  •  J.  V.  Cone 

Enc :  Part  II 

Photos  (11) 
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Characteristic a  Area  is  very  rugged,  steep  aide  slopes 

and  steep  channels*  Channel  slopes  (3  in  Conn  Formula) 

are  Vest  River  70  and  Sargent  River  86  feet  per  mile* 

Elevations  on  topo  sheet  point  up  steepness  of  side 

slopes  as  much  as  400 1  in  0*25  mile* 

Area  is  rural,  oover,  mostly  wooded  at  present* 

However  within  a  few  decades  there  will  be  more  intensive 
* 

land  use*  There  is  evidence  of  this  growth  in  the 
Cheshire  and  other  areas*  At  present  in  spite  of  rugged 
terrain,  the  shed  may  be  considered  "medium  to  fast?  due 
to  cover;  by  about  2000  AD  it  will  become  "fast?  and  in 
the  future  could  be  "very  fast?* 

Area  As  scaled  from  1x24,000  topo  sheets  area  is  13*35 
sq.  ml*  By  data  in  Water  Co's,  operation  office  area 
is  13*0  sq.  mi.  Mr.  Novaro  in  hiJ  ronort  to  Mr*  Corbin, 
April  29,  1963,  states  area  is  13.9  sq.  mi*;  this  I  do 
not  under stand* 


Water  Co* 

1:24000 

Bethany 

3.4 

3.7 

Watrous 

3.2 

3.3 

Chamberlain 

3.9 

4.1 

Glen 

1.7 

1.6 

Dawson 

*8 

—iff 

13.0 

13.35 

The  Company  owns 

about  8  sq*  mi* 

of  the  13*35 

sq*  ml*  However  as  taxes  and  population  pressures 
increase,  as  the  area  becomes  more  polluted  iuo  to 
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development  of  areas  owned  by  others.  It  is  reasonable 
to  assume  that  the  Company  will  sell  at  least  5  sq.  mi* 
and  eonstruct  a  filtration  plant*  These  considerations 
explain  the  predlotbd  increase  in  mean  annual  flood  of 
about  4o£  above  present  by  2000  AD*  (560-795  and 
Cjj  0*85*1*2) 

The  following  quote,  from  an  intensive  study  by 
Metca]/  and  Eddy  on  Storm  Vater  Control  in  Westchester 
County  in  1945#  is  pertinent  to  this  dlsoussion* 
"Residential  development  of  the  area  has  resulted  in 
peak  run-off  rates  almost  twice  those  of  twenty-five  or 
thirty  years  ago,  and  if  development  continues  at  the 
same  rate  for  the  next  twenty-five  years,  the  run-off 
faotor  will  become  2&  times  that  of  conditions  a  half 
century  ago"*  It  would  seem  that  the  increase  of  ltf)% 
is  not  fantastic* 


PRECIPITATION 

$ata  plates  4  to  9  inclusive  were  studied  and  are 
included  to  determine  whether  or  not  th9  Oct.  1955 
storm  in  the  N9W  Haven  area  was  of  very  rare  occurence* 
Since  the  rain  gage  at  Dawson  is  not  reoording, 
graph  PL  5  was  produced  assuming  that  storm  characteristics 
would  be  very  similar  to  New  Haven  Airport  which  has  a 
recording  gage*  Similarly  the  Westfield,  Mass*  graph 
waa  based  on  Norfolk,  Conn* 


Using  24  hr  values  and  PL  9  the  following  reourrenee 
values  were  determined* 


24  hr 
in. 

Chance 

t  R 

Base 

9.5 

1.0 

100 

Dawson 

5.85 

2.0 

50 

Norfolk 

11.2 

0.6 

175 

Westfield 

l8.2 

0.2 

500 

Max  possible 

27.7 

0,3 

1000 

In  connection  with  this  subject  on  Oct.  9,  1877 
there  was  9*7”  in  10*5  hrs.  at  White  Plains*  Westchester 
County*  N.Y. 

My  conclusion  is  that  precipitation  in  the  New 
Haven  area  cannot  be  termed  extraordinary.  In  the 
Stamford-Norwalk  area  R  values  were  about  200  yr  and 
in  Greenwich  about  75* 

If  precipitation  was  not  excessive  then  peak  flood 
flow  could  not  be  excessive  and  should  have  an  R  value 
of  less  than  100. 

I  realize  full  well  that  some  may  say  that  I  have 
no  right  to  assign  maximum  possible  to  1000  yrs.  My 
answer  is  what  possible  value  can  the  maximum  possible 
values  have  unless  an  occurrence  value  is  stated;  if 
no  value  then  data  is  worthless.  Enquiry  has  been  made 
to  many  who  should  be  better  versed  in  this  matter  than 
I.  No  one  would  stick  his  neok  out.  I  sun  not  afraid 
to  and  have;  at  least  a  value  of  1000  is  on  the  safe  side* 


My  purpose  in  tills  discussion  Is  to  point  out  the 
fact  that  if  either  the  Norfolk  or  Westfield  precipitations 
had  ooourred  on  this  shed  in  Oot.  *55  the  resulting 
disaster  would  have  been  appal lng. 

FLOOD  FLOW  1955 

Oct.  1955  To  determine  flood  flow  at  Dawson  it  is 
necessary  to  know  H  at  peak.  To  check,  if  II  at  peak 
were  known  for  Glen  and  Watroua,  then  flow  to  Dawson 
could  be  estimated  reasonably  dose  by  adding  an  allowance 
for  the  small  watershed  of  Dawson  itself* 

In  this  connection  I  suggest  that  values  shown  on 
Lake  Level  forms  (those  were  mailed  you  recently)  should 
not  be  used  since  measurements  were  taken  between 
8-9  A.M. 

The  peak  of  the  Oct.  flood  in  Greenwich  was  about 
1  A.M.  Allowing  for  forward  speed  of  storm  then  peak 
at  Dawson  would  be  between  2-3  A.M.  particularly  since 
watershed  is  * quick" .  The  time  lag  of  about  6  hours 
would  certainly  lower  H  peaks.  I  therefore,  based  on 


conversations 

and  data  furnished 

,  assumed 

certain  H  values 

and  computed 

Q,  as  shown  in  the 

following 

table : 

H 

<4 

Glen 

3.5 

880 

cfs 

Watrous 

3.0 

1160 

Dawson 

shed  est 

160 

2100 

"  to  check 

Dawson 

k 

2050 

m 

_  • 


*  .  * 
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B -III 


Refer  to  PL  13 

R 

~  • 

• 

By  old  Conn  Curve 

3.7 

110  yrs 

;  -  ■■ 

■  new  *  " 

3.7 

5o  ■ 

I 


This  agrees  reasonably  wall  with  precipitation 
value  qf  5>0. 

Conclusion  is  that  flow  of  Oct.  1955  at  Dawson 
may  be  considered  a  minor  flood  that  would  have  been 
somewhat  greater  had  not  several  of  the  reservoirs  been 
below  FL.  for  a  total  of  21$  m.g.  as  computed  by  Mr. 
Novaro. 

s  9  3  vs  Conn  Formula 

This  formula  and  graph  (PL  12  A  &  6)  has  been  used 
for  several  years  with  satisfaction.  It  checks  well  with 
the  rational  method  and  is  much  simplier  to  use.  Although 
designed  for  small  watersheds,  up  to  about  two  square 
miles,  it  fills  the  gap  with  considerable  reliability 
up  to  about  ten  miles,  the  aporoxlmate  reliable  lower 
limit  of  the  Conn  Formula,  Geological  Survey  Circular  #365. 
a  ■  13.35  sq.  mi.  ■  8500  Ac 


8500 


9 

3748 


3.92942 
3  /T:'858b5 

3.57385 


*  3750  cfs 
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%  :  RP  x  LP  x  PP  x  % 

From  PL  12  A  faotors  for  R  s  £00,  present  conditions 
and  2000  AD  Present  Q  ■  1  x  0.4  x  4*35  x  3750  =  6500 

0j£  -  l,5o 

2000  AD  1  x  0.6  x  4*35  x  3750  a  9730  0*4 
Q  "  RC  g  AS 

By  PL  #2  CgAS  =  560-present  and  795-2000  AD 
By  PL  13  R  for  500  S  JkX  12. 

<* 

Q500  Present  s  11  x  560  =  6±6$- 

"  2000  ad  s  ii  x  795  *  £745" 

Note  that  results  are  remarkably  close,  perhaps  by 


coincidence* 

9  A2/3 

cB 

Conn 

CB 

Present  6500 

o.4 

6160 

0.85 

2000  AD  9730 

i5o  i 

0.6 

8745 

140* 

1.2 

Had  basin 

coefficients 

(Cg)  been 

selected  to  obtain 

the  same  percent  Increase  In  the  land  use  factor,  results 
for  2000  AD  would  have  been  9730  vs  9240.,6'o8° 

In  any  case  0.  z  9  provides  a  reliable  cheok 
on  Conn.  Formula,  up  to  about  10  sq.  mi,,  and  fills  the 
no-man's  gap. 
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SPILLWAY  CAPACITY 
of  a.  ft  sq»  ft,  per  sq.  ml. 


Din 

Type 

JL  « 

aq.mi. 

cfs 

sq.ft. 

(1)  Bethany 

Gravity 

1980 

37T 

540 

60 

(2)  Watroua 

n 

2660 

7 

380 

50  aoc 

(3)  Chamberlain 

Earth 

6300 

4.1 

1525 

120 

(4)  Glen 

Gravity 

1120 

195 

28  aoc 

(5)  Dawson 

Earth 

2870 

13.35 

215 

30  aec 

The  units 

shown  in 

this  table. 

for  a 

watershed  with 

nearly  the  same  characterlatlea  throughout,  demonstrate 
the  inconsistency  In  capacity.  It  is  true  that  an  earth 
dam  should  have  a  greater  factor  of  safety  than  a  gravity 
masonry  dam.  This  data  emphasizes  the  need  for  corrective 
measures  particularly  at  Glen  and  Dawson* 


MAP 


Check  by  Comparison 

Est. 

Sq.  Mi. 

Present 

MAP  per/S. M 

Willow  Brook -Che  shire 

1960 

9.02 

280 

31 

Wepawaug  River-Milford 

1962 

18.00 

690 

38 

/27.00 

/970 

13.5 

485 

Dawson  computed  PL.2 

13.35 

560 

42 

Sargent  "  " 

5.7 

425 

75 
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WILLOW  BROOK*  Rolling  terrain ,  nowhere  near  as  rugged 


» 

as  West  River.  On  other  hand  land  use  is  more  dense. 

MAP  per  sq.  mi.  should  be  much  less  than  West  River. 

WEPAWAUG  RIVER,  Same  remarks  as  above. 

SARGENT  RIVER.  Very  steep.  3  is  88*  per  ml. 

Note  that  Willow  Brook  and  Wepaqaug  River  stations  have 
only  short  term  records.  The  usual  experience  is  that 
the  loeger  the  record  period  the  higher  are  MAF  values. 
C0NCL03I0N  is  that  West  River  MAF  of  560  for  present 
land  use  conditions  is  not  too  high  and  more  likely  is 
too  low. 


(1)  BET  HA  NT 

BRIDGE.  Rough  field  measurements  were  taken  believing 
that  the  bridge  would  be  a  bottleneck  rather  than  the 
spillway.  Sketch  plan  is  shown.  Later  construction 
plans  were  available. 

Assuming  depth  of  flow  in  channel  as  3*  - 


A  a 

24.5x3 

*»  73.5 

P  a 

24.5+6 

■  30.5 

r  a 

73.5  7 

30.5  a  2.4 

r2/3  .  1.8 

3  = 

.034 

si  *  0.18 

Assuming  n  a  .0148 

V  a  100  r2/3  S1^ 

«  100  x  1.8  x  0.18  ■  32  sf. 

Q  ■  73.5  x  32  ■  2350  t  of s . 


rv 
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SPILLWAY.  Rough  plan  shows  total  length  of  spillway  as 
19*  *61*  ■  80*.  But  account  of  turbulence  assume 
effective  L  •  75*,  H  max  r  4’ »  C  ■  3.3. 

Q  «  3.3  *  75  x  8  «  1980  cfs. 

This  Q,  probably  maximum  due  to  backup  from  bridge 
and  turbulence  at  channel  entrance* 

From  the  above  it  is  shown  that  the  spillway  rather 
than  the  bridge  is  the  limiting  factor  to  oarry  estimated 
Q  values  -  Items  14  &  15  on  Data  Sheet*  It  is  concluded 
that  the  dam  will  be  overtopped  in  the  future,  with  an 
H  value  of  about  1* 

Q  8  2  x  990  x  1^  s  2080  cfs 

This  with  spillway  on  H  ■  5&  will  pass  over  4000  cfs* 
DIM*  The  gravity  section  of  cement  rubble  masonry  with 
reinforced  concrete  back  41  thick  is  in  good  condition* 

(2)  WATROTJS 

SPILLWAY.  The  capacity  of  this  70  •  spillway  with  H  B  5* 

is  2660  cfs*,  as  shown  by  Item  12  on  Data  Sheet*  This 

capacity  will  barely  take  flood  flow  from  its  Individual 

watershed  below  Bethany  under  present  land  use,  see 

Items  14  &  15 •  In  addition  there  is  the  added  flow  from 

Bethany*  Total  watershed  is  7  sq.  mi* 

Bethany  3.7 
Watrous  -111 
7.0 

DAM.  The  gravity  conorete  section  is  in  good  condition 
and  is  backed  up  with  earth  nearly  to  top  of  dam* 

The  dam  will  be  overtopped  in  th*  future*  Note 


Data  Items  #26  le  28* 


(3)  CHAMBERLAIN 

A  study  of  items  on  the  Date  Sheet  end  examination 
of  sketch  plan  indicate  that  this  earth  dam  is  adequate 
in  every  respect.  No  further  oomment  is  required* 

(4)  GLEN 

SPILLWAY.  The  40*  x  4*  spillway  has  a  capacity  of  about 

1120  cfs.  The  entire  watershed  Including  Chamberlain 

♦ 

is  5.7  aq.  mi.  Note  Data  Items  #26  &  26. 

Chamberlain  4*1 
Glen  1*6 

"5l7 

The  dam  was  nearly  over-topped  during  the  October 
1955  flood. 

ABUTMENTS.  A  highway  is  close  to  the  right  or  west  end 
of  spillway.  Upstream  training  wall  in  particular  should 
be  raised  and  extended. 

At  the  left  or  east  end  of  the  dam  there  is  an 
area  that  is  lower  than  crest  of  dam.  This  is  indicated 
under  the  arrow  on  the  photo  of  the  east  bank.  As 
determined  by  hand  level,  the  area  is  about  six  inches 
below  dam  crest. 

There  seems  to  be  no  record  of  a  ooro  wall  in  the 
area  or  location  of  ledge  surface.  If  no  wall  and  ledge 
rock  is  low,  then  there  will  be  end  soour  sometime  in 
the  future  that  would  put  an  extra  burden  on  Dawson. 

This  condition  should  be  investigated. 
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FOSB-PLUG.  The  area  appears  to  be  favorable  for  the 
needed  extra  spillway  capacity,  permanent  construction, 
or  fuse-plug  type* 

DAM.  The  gravity  eonorete  section  is  in  good  condition 
and  in  ray  opinion  will  not  fall, 

(5)  DAWSON 

spttj.wav .  An  examination  of  Data  Shoet  items  and  study  of 
plans  Indicate  that  the  Dawson  spillway  is  entirely 
Inadequate*  The  Q,  of  2870  with  H  of  5*  is  approximate* 

The  combination  of  a  low  broad  crested  humped  weir  and 
spillway  characteristics  present  a  complicated  hydraulic 
problem  not  worthwhile  to  Investigate  thoroughly  for 
the  purpose  of  this  report* 

The  spillway  and  right  training  wall  are  shown 
on  photo  enclosod.  Note  that  the  low  portion  of  the 
training  wall  was  nearly  overtopped  In  Oct.  *55* 

Height  of  water  at  spillway  was  3*  below  dam  ereet* 
There  must  have  been  considerable  velocity  head*  There¬ 
fore  if  the  weir  formula  is  used  H  should  be  about  4'* 
SEEPAGE.  In  the  area  near  trees  as  shown  on  enclosed 
photo  there  is  seepage  with  “guess timated*  flow  of  about 
9  gals  per  min*  Another  seepage  flow  is  farther  to  the 
west  and  at  a  lower  elevation  near  a  small  cedar  with 
an  estimated  flow  of  about  3  gals  per  min.  Both  areas 
should  be  wa tolled  closely* 


It  would  be  worthwhile  to  Install  a  simple  arrange 
ment  whereby  flow  can  be  determined  by  stop  wateh  timing 


to  fill  a  container;  this  to  determine  whether  or  not 
there  is  a  relation  between  reservoir  level  and  flow. 

I  have  been  informed  by  Mr.  Ferris  that  most  of 
the  trees  shown  in  photo  have  been  removed.  Trees 
were  not  on  the  embankment  proper  but  were  close  enough 
to  present  the  possibility  of  root-boil  trouble* 
EMBANKMENT  COVER.  The  easterly  portion  of  the  dam, 
about  one  half,  had  been  grazed  by  sheep.  This  is  an 
inexpensive  method  of  controlling  grass  on  a  1  on  2 
slope.  On  the  other  hand  sheep  are  dose  croppers  and 
tend  to  destroy  root  structure,  a  condition  evident  at 
the  time.  If  the  dam  should  be  overtopped  by  a  few 
inches  I  would  anticipate  that  the  sheep  cropped  area 
would  gully  seriously. 

Further,  particularly  during  dry  weather,  grass 
cover  should  be  kept  high  to  provldo  shade  to  hold 
moisture  as  much  as  is  possible  on  tlie  steop  1  on  2 
slope,  where  water-table  is  low,  and  to  prevent  baking 
all  of  which  weakens  root  structure. 

CONCLUSION.  It  is  my  opinion  that  the  situation  at 
Pawaon  is  very  serious.  If  a  bad  breach  should  ooour 
the  refuge  in  "An  Aot  of  God"  would  not  prevail.  In 
Oct.  1955  if  all  reservoirs  had  been  full,  if  twenty-four 
hour  precipitation  had  been  a  little  more,  then  it  ia 
my  opinion  that  Dawson  would  have  been  overtopped* 


f(c 


ji»  9 ca oea  nerembeiore  a  comprehensive  study  of 


-  this  situation  should  b«  begun  Immediately  and  proposed 
oorreotive  measures  presented  as  soon  as  possible* 


GENERAL 

It  is  my  understanding  that  my  assignment  was  not 
to  undertake  a  complete  analysis  of  all  aspects  involved, 
but  only  to  investigate  sufficiently  to  determine  if 
there  are  situations  that  should  be  studied  by  the 
Company's  consulting  engineers*  I  therefore  did  not 
undertake  the  following: 

1.  Stability  analysis  of  gravity  masonry  dams*  Casual 
study  of  plans  indicates  they  are  safe;  this  based 
on  experience* 

2*  A  design  flood  based  on  an  assumed  preoipitation 
was  not  routed  through  the  several  watersheds  and 
reservoirs,  considering  storage  capacity  above  FL 
etc*  This  would  have  beer,  a  tedious  study  and  funds 
were  not  available  in  my  contract* 

3*  In  computing  the  several  Q  values  no  credit  was  given 
to  storage  above  FL,  rather  this  was  considered  as 
an  extra  factor  of  safety,  to  be  on  the  safe  side* 

Graphs,  plans,  etc*,  are  bound  separately  for 


ease  in  following  the  text* 


DATA  SHEETS 


1*  Summary  of  data* 

2*  Determination  of  MAF,  graphically 


3# 

Watersheds; 

sketoh  arrangement 

4. 

Precipitation  Oct. 

*55  New  Haven 

5. 

ii 

a 

"  Dawson  (devised) 

6. 

.  " 

Aug. 

"  Norfolk 

7* 

a 

a 

"  Westfield  (devised) 

8. 

a 

Maximum  Possible 

9. 

a 

Recurrence  2  to  24  hr* 

10*  Flood  flow  graph  old* 

11 •  "  "  *  revised. 

12«-  A  Peak  Runoff  Q  *  A 2/^ 

guv  II 

q  a  n  n 

13*  Ratio  Curve  -  Conn  Foxmmla 
14*  Weir  Coefficients 
15*  Plana  Bethany  (3) 


16. 

it 

Watrous  (1) 

17. 

n 

Chamberlain  (1) 

18. 

a 

Glen  (2) 

19. 

a 

Dawson  (2) 

Topo  of  Watershed  1:24.000 
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COMMENTS  re  DATA  SHEETS 


•  • 


This  Flood  Flow  Curve  shown  sines  it  shows  a  ourve* 
dashed  lifce,  devised  by  A.B.  Hill  about  the  turn 
of  the  century*  It  was  considered  a  sound  base 
curve  at  that  time  when  there  was  a  paucity  of 
Information  as  compared  to  that  which  became 
available  in  more  recent  years;  precipitation 
and  flood  flow  records*  many  studies*  reports* 
etc* 


The  upper  curve*  shown  in  red*  was  plotted  by 
Mr.  Mendall  P.  Thomas  with  the  Geological  Survey 
based  on  study  by  A.  Rice  Green,  Water  Supply 
Paper  1671,  1964*  Curve  has  official  approval 
to  100  years;  projection  to  1000  by  Thomas 
using  Gumbel's  recurrence  Interval  scale*  This 
is  the  latest  R-curve  available* 


The  purpose  of  including  the  other  sheets  I  believe  is 
self-evident. 
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NEW  HAVEN  WATER  COMPANY 
NEW  HAVEN,  CONNECTICUT 


STATE  WATER  RESOURCES 
COMMISSION 
RECEIVED 

NOV  n  1967 


ANSWEfttD. 

Preferred. 
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MEMORANDUM  REPORT  TO  WATER  COMPAN 
ON 

INVESTIGATION  OF  THE  EFFECTS  OF  A  FLOOD 
PRODUCED  BY  THE  MAXIMUM  POSSIBLE  STORM 
ON  SPILLWAYS  OF  WEST  RIVER  SYSTEM 


AUGUST  2,  1967 


The  effect  of  the  "maximum  possible  storm"  on  the-  West 
River  System  is  reported  in  this  memorandum. 

The  "maximum  possible  storm"  employed  is  defined  and 
quantitatively  estimated  in  U.  S.  Weather  Bureau  Hydro¬ 
meteorological  Report  No.  33  entitled  "Seasonal  Variation 
of  the  Probable  Maximum  Precipitation  East  of  the  105th 
Meridian  for  Areas  from  10  to  1,000  Square  Miles  and  Dura¬ 
tions  of  6,  12,  24  and  48  Hours."  The  report  defines  the 
"maximum  possible  precipitation"  as  "the  critical  depth- 
duration-area  rainfall  relation  for  a  particular  area  during 
vai’lous  months  of  the  year  that  would  result  if  conditions 
during  an  actual  storm  in  the  region  were  Increased  to 
represent  the  most  critical  meteorological  conditions  that 
are  considered  probable  of  occurrence. " 

As  shown  on  Exhibit  1,  the  rainfall  totals  used  for  the 


West  River  System  analyses  are  for  durations  of  6  and  12  hours 
on  an  area  of  10  square  miles  for  September  --  the  most  severe 
month  for  the  vicinity  of  New  Haven,  Connecticut.  The  hourly 


distribution  of  the  total  rainfall  assumed  is  according  to 
Figure  4,  page  32  of  U.  S.  Department  of  the  Interior 
publication  "Design  of  Small  Dams."  The  distribution  is  a 
comparatively  severe  one  with  50  per  cent  of  the  6  hour  total 
falling  within  1  hour. 

The  sequence  in  which  the  hourly  totals  were  arranged 
is  in  accordance  with  the  recommendation  made  on  page  50  in 
"Design  pf  Small  Dams."  The  arrangement  of  the  12  hourly 
increments  is  11,  9,  7,  5,  3*  1*  2,  4,  6,  8,  10,  12,  where 
the  number  represents  the  order  of  magnitude  with  the  lowest 
number  representing  the  largest  magnitude.  This  arrangement 
gives  a  flood  greater  than  one  based  on  the  assumption  that 
the  greatest  hourly  increment  of  rain  occurs  during  the 
first  hour  of  a  storm 

The  effective,  runoff-producing  rainfall  was  estimated 
by  subtracting  1  Inch  initial  Infiltration  and  0.1  inch  per 
hour  thereafter  from  the  total  rainfall. 

In  order  to  pass  the  unusually  high  flows  for  the  "maximum 
possible  storm,"  several  modifications  of  both  the  length  and 
crest  height  of  spillways  were  tried.  Spillway  rating  curves 
and  stage  capacity  curves  for  each  of  the  five  reservoirs  are 
shown  on  Exhibit  2  and  Exhibit  3>  respectively. 

The  unit-hydrographs  and  routing  procedures  employed  are 
those  outlined  in  our  report  of  January,  196/.  Detailed 
computations  are  shown  on  Exhibit  4,  pages  l  through  8. 

The  inflow-outflow  curves  for  each  of  the  reservoirs  are 
shown  on  Exhibit  5,  pages  1  though  3-  As  no  significant  . 
storage  effect  is  obtained  from  hake  Dawson,  the  outflow 


hydrograph  as  shown  on  Exhibit  5,  page  3,  will  be  the  same 
with  a  spillway  250  feet  long. 

The  'Maximum  possible”  flood  outflows  at  each  of  the  West 
River  reservoirs  and  the  conditions  at  the  Spillways  are 
summarized  below: 


•  • 


•  • 


Dam  Peak  Spillway 

Discharge 
cfs 

Free- 
Board 
•  ft. 

Maximum 

Over 

Spillwaj 

Head  (ft.) 

Over  Dam 
r  Crest 

% 

Chamberlain 

7200 

12.0 

10.8 

-1.2 

Glen 

9665 

9 . 0* 

11.3 

+2.3 

Bethany 

7350 

4.25 

5.2 

+1.0 

Watrous 

15,hoo 

5.0 

7.1 

+2.1' 

Dawson 

80’  Spillway 

26,260 

11.5* 

13.8 

+2.3 

250 »  Spillway 

26,260 

11.0* 

9.0 

-2.0 

•Freeboard  above  proposed  new  sill  elevation 
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EXHIBIT  1 


MAXIMUM  POSSIBLE  RAINFALL 
FOR  NEW  HAVEN,  CONNECTICUT 


•DURATION  OF  RAINFALL 
HOURS 


TOTAL  RAINFALL 
INCHES 


6 

12 


24.2 

26.4 


DISTRIBUTION  OF  6  AND  12  HR.  TOTALS 


TIME  FROM  ** INCREMENTAL 

BEGINNING  OF  RAIN  RAINFALL 
HOURS  INCHES 


»« 

REARRANGED 


•  • 

LESS  1"  INITIAL 
&  0.1”  INFILTRATION 
PER  HOUR 


1 

12.1 

0.1 

2 

3.6 

0.3 

—  — 

3 

2.6 

1.0 

0.3 

4 

2.2 

1.9 

1.8 

5 

1.9 

2.6 

2.5 

6 

1.8 

12.1 

12.0 

7 

1.0 

3.6 

3.5 

8 

0.5 

2.2 

2.1 

9 

0.3 

1.8 

1.7 

10 

0.2 

0.5 

0.4 

11 

0.1 

0.2 

0.1 

12 

0.1 

0.1 

ZLZ — 

26.4 

26.4 

24.4 

.  •  ft 


-  ft 


-ft.... 


ft.  -  _• 


•From  Weather  Bureau  Technical  Paper  33  1956  -  • - • — 

**  Distributed  and  arranged  as  recommended  in  U.  S.  Department 
of  the  Interior  Publication  "Design  of  Small  Dams” 
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EXHIBIT  2 


■Dam  Crest 
Elevation 


uowson  | 
Dorn _ Cras) 


SP^n^ 


Proposed  _ 
Dam  Crest 


10,000  15,000  20,000  25,000  30,000 

Discharge  ( CF.S .) 


GleQ 


l Natrous 


&ejhpny  __ 


Dam  Crest 
E  leva  t  ron 


\  mo  to,  OOO 

Discharge  CC.F.S.) 

SPILLWAY  ft  AT  INC  CUHVES I 


15,000  17,500 


Storoye  Above  Spi/lwoy  Crest  (Ft.*  x/O*) 


Storoye  Above  Spillway  Crest  ( Ft.3  x/0*) 
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PHOTO  NO. 1  -  Spillway  and  channel  walls.  Note  cracks  and 
efflorescence  between  panel  joints. 


PHOTO  NO. 2  -  Spillway  channel  cut  into  natural  rock 
formation  with  spillway  and  bridge  in 
background . 
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APPENDIX 

SECTION  0:  HYDRAULIC/HYDR0L06IC  COMPUTATIONS 


FOR  ESTIMATING 


MAXIMUM  PROBABLE  DISCHARGES 

n 

PHASE  I  DAM  SAFETY 
INVESTIGATIONS 


Nav  England  Division 
Corps  of  Englnssrs 


March  1978 


IKFLOWS 


MAXIMUM  PROBABLE  FLOOD 

HEP  RESERVOIRS 


Prolace 

2 

P.A. 

MPP 

i 

(cfs) 

(sq.  ni.) 

cfs/sq.  ni 

I.  Hall  Meadow  Brook 

26,600 

17.2 

1,546 

2.  East  Branch 

15,500 

9.25 

1,675 

3.  Thoaaaton 

158,000 

97.2 

1.625 

4.  Northfleld  Brook 

9,000 

5.7 

1,580 

S.  Black  Rock 

35,000 

20.4 

1,715 

6.  Hancock  Brook 

20,700 

12.0 

1,725 

7.  Hop  Brook 

26,400 

16.4 

1,610 

8.  Tally 

47,000 

50.0 

940 

9.  Barra  Falla 

61,000 

55. 0 

1,109 

10.  Conant  Brook 

11,900 

7.8 

1,525 

11.  Knlghtvllle 

160,000 

162.0 

987 

12.  Lleelavllla 

98,000 

52.3 

1,870 

13.  Colebrook  River 

165,000 

118.0 

1,400 

14.  Mad  River 

30,000 

18.2 

1,650 

15.  Sucker  Brook 

6,500 

3.43 

1,895 

16.  Onion  Village 

110,000 

126.0 

873 

17 .  North  Hart land 

199,000 

220.0 

904 

18.  North  Springfield 

157,000 

158.0 

994 

19.  Ball  Mountain 

190,000 

172.0 

1.105 

20.  Tovnahaad 

228,000 

106.0(278  total)  820 

21.  Surry  Mountain 

63,000 

100.0 

630 

22.  Otter  Brook 

45,000 

47.0 

957 

23.  Birch  Hill 

88,500 

175.0 

505 

24.  Beat  Brlaflald 

73,900 

67.5 

1,095 

25.  Veetvllle 

38,400 

99.5(32  net) 

1,200 

26.  Meat  Thompson 

85,000 

173.5(74  net) 

1,150 

27 .  Hodges  Village 

35,600 

31.1 

1,145 

28.  Buffusvilla 

36,500 

26.5 

1,377 

29.  Manafiald  Hollow 

125,000 

159.0 

786 

30.  Vaat  Hill 

26,000 

28.0 

928 

31.  Franklin  Falls 

210,000 

1000.0 

210 

32.  Blaekwater 

66,500 

128.0 

520 

33.  Hopklnton 

135,000 

426.0 

316 

34.  Everett 

68,000 

64.0 

1,062 

35.  MscOowell 

36,300 

44.0 

825 

MAXIMUM  PROBABLE  FLOWS 
BASED  OH  TWICE  THE 
STANDARD  PROJECT  FLOOD 
(Flat  and  Coaatal  Araaa) 


Rlvar 

1.  Pavtuxet  Elver 

2.  Mill  Elver  (E.I.) 

3.  Patera  Elver  (E.I.) 

a 

4.  Kettle  Brook 

5.  Sudbury  Elver. 

6.  Indian  Brook  (Hopk.) 

7.  Charlea  Elver. 

8.  Blackatone  Elver. 

9.  Qulnebaug  Elver 


19,000 

8.S00 

3,200 

8,000 

11,700 

1,000 

6,000 

43,000 

35,000 


D.A. 

(aq.  nl.) 

MPF 

(efa/aq.  nl.) 

200 

190 

34 

300 

13 

490 

30 

530 

86 

270 

3.9 

340 

184 

63 

416 

200 

331 


330 


50  100  900  1000- 

DRAINAGE  AREA  IN  SO.  MILES 


ESTIMATING  EFFECT  Of  SURCHARGE  STORAGE 
OH  MAXIMUM  PROBABLE  DISCHARGES 


I 

L 

r 


STEP  Is  Determine  Peak  Inflow  (Qpi)  from  Guide 
Curves. 

STEP  2t  a.  Determine  Surcharge  Height  To  Pass 
"Qpi". 

b.  Determine  Volume  of  Surcharge 
(STORi)  In  Inches  of  Runoff. 

c.  Maximum  Probable  Flood  Runoff  In  Ne 
England  equals  Approx.  19",  Therefor' 

Qpj  =  Qpi  x  (1  _  STOR|  J 

19 

STEP  3s  a.  Determine  Surcharge  Height  and 
"STOR2"  To  Pas*  "Qp2" 

b.  Average  "STORi"  and  "STOR2"  and 
Determine  Average  Surcharge  and 
Resulting  Peak  Outflow  "Qps". 


STEP  I  :  DETERMINE  OR  ESTIMATE  RESERVOIR  ST0RA6E  (S)  IN  AC-FT  AT  TIME  OF  FAILURE. 
STEP  2,  DETERMINE  PEAK  FAILURE  OUTFLOW  (Qpl). 

OP.*  %7  WbVg“  Y0^ 

wb=  BREACH  WIDTH  -  SUGGEST  VALUE  NOT  GREATER  THAN  40X  OF  DAM 
LENGTH  ACROSS  RIVER  AT  MID  HEIGHT. 


STEP  3: 
STEP  4: 


STEP  5: 


Y0  »  TOTAL  HEIGHT  FROM  RIVER  BED  TO  POOL  LEVEL  AT  FAILURE. 

USING  USGS  TOPO  OR  OTHER  OATA,  DEVELOP  REPRESENTATIVE  STAGE-DISCHARGE 
RATING  FOR  SELECTED  DOWNSTREAM  RIVER  REACH. 

ESTIMATE  REACH  OUTFLOW  (Qp2)  USING  FOLLOWING  ITERATION. 

A.  APPLY  Qp1  TO  STAGE  RATING,  DETERMINE  STAGE  AND  ACCOPMANYING 
VOLUME  (V^  IN  REACH  IN  AC-FT.  (NOTE:  IF  Vj  EXCEEDS  1/2  OF  S, 
SELECT  SHORTER  REACH.) 

B.  DETERMINE  TRIAL  Qp2. 

QPj(TRIAL)  *  Op,  (I  -  f  ) 

C.  COMPUTE  V2  USING  Qp2  (TRIAL). 

D.  AVERAGE  V1  AND  V2  AND  COMPUTE  Qp2> 

Op*  *  Op,  (I  -  ^  ) 

FOR  SUCCEEDING  REACHES  REPEAT  STEPS  3  AND  4. 

APRIL  1978 
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